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(54) Improved method for forming polymers 

(57) An aqueous polymerization method is dis- 
closed for forming polymers containing, as polymerized 
units, at least one monomer having low water solubility, 
including the steps of: 

(1) complexing at least one monomer having low 
water solubility with a macromolecular organic com- 
pound having a hydrophobic cavity; and 

(2) polymerizing in an aqueous system from about 
0.1% to about 100%, by weight of the monomer 
component, based on the total weight of the poly- 
mer, of the complexed monomer having low water 
solubility with from about 0% to about 99.9% by 
weight, based on the total weight of the polymer, of 



at least one monomer having high water solubility. 

The method is also useful for forming aqueous so- 
lution polymers having low water solubility. 

The method is useful for polymerizing, in an aque- 
ous system, aqueous solution polymers or emulsion pol- 
ymers, particularly random copolymers, of monomer 
having a low water solubility which heretofore could not 
be made satisfactorily without the addition of an organic 
solvent, comonomer or a high level of surfactant to aid 
in solubilizing the monomer having low water solubility. 
The method is also useful for improving the efficiency of 
chain transfer agents having low water solubility used 
in aqueous solution and emulsion polymerizations. 
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Description 

This invention relates to an improved method of forming polymers, and more particularly, to an improved method 
of forming polymers containing, as polymerized units, at least one monomer having low water solubility in an aqueous 
system using a macromolecular organic compound having a hydrophobic cavity 

Aqueous polymerization, including solution and emulsion polymerization, generally may be carried out success- 
fully, if in the case of a solution polymerization the starting monomers and resulting polymer are water soluble and in 
the case of an emulsion polymerization the starting monomers not having very low water solubility. However, a number 
of problems are encountered if the aqueous polymerization is: 

(a) a solution polymerization of at least one monomer having low water solubility; or 

(b) an emulsion polymerization of at least one monomer having very low water solubility 

Problems are also encountered if an aqueous solution polymerization produces a final polymer having low water 
is solubility. 

These problems include: 

(1) poor conversion of the monomer having low water solubility evidenced by monomer pooling around the stirrer 
shaft and the presence of monomer droplets in the final product; 

(2) high gel or coagulum levels; 

(3) the formation of emulsion or suspension polymer during a solution polymerization or large suspension polymer 
particles during an emulsion polymerization; 

(4) phase separation or creaming of monomer droplets or large suspension particles; and 

(5) abnormal (non-kinetic) distribution of the monomers having high water solubility and the monomers having low 
water solubility because of the nonuniform distribution during polymerization of the two types of monomers evi- 
denced by multiple glass transition temperatures as measured by differential scanning calorimetry. 

Attempts to overcome these problems when forming polymers, particularly in a random arrangement: 

(a) from a monomer having low water solubility with either: 

(i) another monomer having low water solubility; or 

(ii) a monomer having high water solubility in an aqueous system either by aqueous solution or emulsion 
polymerization; or 

(b) resulting in a polymer, while formed from monomers having high water solubility, which has low water solubility 
has not heretofore been satisfactory without at least one of the following to aid in solubilizing the monomer or final 
polymer having low water solubility: 

(a) the addition of at least about 5-30% by weight, based on total monomer weight, of an organic solvent; 

(b) the use of a comonomer which acts as a solvent for the monomer having low water solubility; or 

(c) the use of a high level of surfactant. 

For example, U.S. Patent 4,268,641 describes the synthesis of copolymers of acrylic acid with hydrophobic non- 
45 jonic surfactant acrylates via solution polymerization requiring organic solvents including aromatic, saturated aliphatic, 
cycloaliphatic and halogenated solvents to facilitate the reaction. For example, U.S. Patent 4,734,205 describes the 
synthesis of copolymers of acrylamide, acrylic acid or its salts with hydrophobic alkylacrylamide or alky I (meth)acrylate 
requiring high levels of surfactants to effect polymerization. 

The addition of an organic solvent or high level of surfactant poses safety, health and environmental problems. 
so The addition of a solvent may also destabilize aqueous systems to which it is added. 

I have discovered a method for forming in an aqueous system a polymer containing, as polymerized units, at least 
one monomer having low water solubility by solution or emulsion polymerization without the addition of an organic 
solvent or high level of surfactant surfactant to aid in solubilizing the monomer or final polymer having low water solubility 
and, thus, without the attendant safety, health, environmental and stability problems associated with organic solvents 
55 and high levels of surfactants. 

This invention is directed to an aqueous polymerization method for forming polymers containing, as polymerized 
units, at least one monomer having low water solubility, including the steps of: 
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(1 ) complexing at least one monomer having low water solubility with a macromolecular organic compound having 
a hydrophobic cavity; and 

(2) polymerizing in an aqueous system from about 0.1% to about 100%, by weight of the monomer component, 
based on the total weight of the polymer, of the complexed monomer having low water solubility with from about 

s 0% to about 99.9% by weight, based on the total weight of the polymer, of at least one monomer having high water 

solubility. 

The method is also useful for forming aqueous solution polymers having low water solubility The method is useful 
for polymerizing, in an aqueous system, aqueous solution polymers or emulsion polymers, particularly random copol- 

10 ymers, of monomer having a low water solubility which heretofore could not be made satisfactorily without the addition 
of an organic solvent, comonomer or a high level of surfactant to aid in solubilizing the monomer having low water 
solubility. The method is also useful for improving the efficiency of chain transfer agents having low water solubility 
used in aqueous solution and emulsion polymerizations. 

As used herein, the term "water soluble" means completely soluble in water; term "having low water solubility" 

15 means having a water solubility at 25-50°C of no greater than 200 millimoles/liter; the term "having very low water 
solubility" means having a water solubility at 25-50°C of no greater than 50 millimoles/liter; and the term "having high 
water solubility" means having a water solubility at 25-50°C of greater than 200 millimoles/liter. As used herein, the 
term "(meth)acrylate" refers to methacrylate and acrylate, the term "(meth)acrylic" refers to methacrylic and acrylic and 
the term "(meth)acrylamide B refers to methacrylamide and acrylamide. As used herein, the term "aqueous system" 

20 describes a polymer formed and supplied in water as the continuous phase wherein no organic solvent or high level 
of surfactant was required to form the polymer or to store and supply the polymer. 

Polymerization Method 

25 The invention involves an aqueous polymerization method for forming polymers containing, as polymerized units, 

at least one monomer having low water solubility, including the steps of: 

(1) complexing the monomer having low water solubility with a macromolecular organic compound having a hydro- 
phobic cavity; and 

30 (2) polymerizing in an aqueous system from about 0.1% to about 100%, by weight of the monomer component, 

based on the total weight of the polymer, of the complexed monomer having low water solubility with from about 
0% to about 99.9% by weight, based on the total weight of the polymer, of at least one monomer having high water 
solubility. 

35 The method is also useful for forming aqueous solution polymers having low water solubility. For a solution polymer, 

the macromolecular organic compound having a hydrophobic cavity may be decomplexed from the polymer in an 
optional third step after the polymer is formed. For an emulsion polymer, the macromolecular organic compound having 
a hydrophobic cavity is believed to be automatically decomplexed from the polymer before or as the polymer is formed 
and further decomplexing is not necessary. 

40 While the present invention provides a method for preparing polymers without the use of organic solvents or high 

levels of surfactants, these solvents and surfactants may be present during the polymerization. It is, however, preferable 
that no solvent and lower levels of surfactant be present during the polymerization. It is contemplated that it is possible 
that the polymerization process could contain organic solvent and higher levels of surfactant. 

45 Complexation Step 

The first step of the invention is complexing any monomer having low water solubility with a macromolecular organic 
compound having a hydrophobic cavity. The macromolecular organic compound having a hydrophobic cavity useful 
in the method of the invention include cyclodextrin and cyclodextrin derivatives; cyclic oligosaccharides having a hy- 
50 drophobic cavity such as cycloinulohexose, cycloinuloheptose, and cycloinuloctose; caiyxarenes; and cavitands. 

The cyclodextrin and cyclodextrin derivatives useful in the method of the invention are limited only by the solubility 
of the cyclodextrin and cyclodextrin derivative selected under the particular polymerization conditions. Suitable cyclo- 
dextrins useful in the method of the present invention include, but are not limited to, a-cyclodextrin, b-cyclodextrin and 
g-cyclodextrin. Suitable cyclodextrin derivatives useful in the method of the present invention include, but are not limited 
55 to, the methyl, triacetyl hydroxypropyl and hydroxy ethyl derivatives of a-cyclodextrin, b-cyclodextrin and g-cyclodextrin. 
The preferred cylodextrin derivative is methyl-b-cyclodextrin. 

The cyclic oligosaccharides having a hydrophobic cavity, such as cycloinulohexose, cycloinuloheptose, useful in 
the method of the invention are described by Takai era/,, Journal of Organic Chemistry, 1994, volume 59, number 11 , 
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pages 2967-2975. 

The calyxarenes useful in the method of the invention are described in U.S. Patent 4,699,966, International Patent 
Publication WO 89/08092 and Japanese patent publications 1988/197544 and 1989/007837. 

The cavitands useful in the method of the invention are described in Italian application 22522 A/89 and Moran et 
5 al., Journal of the American Chemical Society, volume 1 84, 1 982, pages 5826-5828. 

The monomers having a low water solubility for which the method of the invention is useful for carrying out polym- 
erization, include, but are not limited to, a.b-ethylenically unsaturated monomers such as primary aikenes; styrene and 
alkylsubstituted styrene; a-methyl styrene; vinyltoluene; vinyl esters of C 4 -C 30 carboxylic acids, such as vinyl 2-ethyl- 
hexanoate, vinyl neodecanoate and the like; vinyl chloride; vinylidene chloride; N-alkyl substituted (meth)acrylamide 
10 such as octyl acrylamide and maleic acid amide; vinyl alkyl or aryl ethers with (C 3 -C3o) alkyl groups such as stearyl 
vinyl ether; (Cj-Cgo) alkyl esters of (meth)acrylic acid, such as methyl methacrylate, ethyl (meth)acrylate, butyl (meth) 
acrylate, 2-ethylhexyl (meth)acrylate, benzyl (meth)acrylate, lauryl (meth)acrylate, oleyl (meth)acrylate, palmityl (meth) 
aery late, stearyl (meth)acrylate; unsaturated vinyl esters of (meth )acry lie acid such as those derived from fatty acids 
and fatty alcohols; multifunctional monomers such as pentaerythritol triacrylate; monomers derived from cholesterol; 
is and the like. The hydrophobic monomers may also contain functionality, such as hydroxy, amido, aldehyde, ureido, 
polyether and the like. The method of the invention is also useful for polymerizing monomer having a water solubility 
at 25-50°C of at least 200 mill imoles/l iter but whose final homopolymer has a water solubility at 25-50° C of no greater 
than 200 millimoles/liter, including ethylene, vinyl acetate; surfactant monomers including long chain alkoxy- or alkyl- 
phenoxy(polyalkylene oxide) (meth)acrylates, such as C 18 H 37 -(ethylene oxide) 20 methacrylate and C 12 H 25 -(ethylene 
20 oxide) 2 a methacrylate; and the like. 

The macromolecular organic compound having a hydrophobic cavity may be complexed with the monomer having 
low water solubility in either of two ways: 

(1) The macromolecular organic compound having a hydrophobic cavity may be mixed with the monomer having 
25 low water solubility separately and the complexed mixture, along with any other monomers, charged to the reaction 

vessel; or 

(2) The macromolecular organic compound having a hydrophobic cavity may be added to the reaction vessel 
before, during or after the monomer mixture has been charged. 

30 The molar ratio of macromolecular organic compound having a hydrophobic cavity complexed with the monomer 

having a low water solubility depends on the type of macromolecular organic compound and the type of monomer. 
Generally, the molar ratio of macromolecular organic compound to monomer is from about 5:1 to about 1:5000, pref- 
erably from about 1 :1 to about 1 :1 ,000, and most preferably from about 1 :1 to about 1 :500. For solution polymerizations 
which form polymers which associate in solution, it is preferably to have molar ratios in a stoichiometric range, such 

35 as from about 5:1 to about 1 :2 because the additional macromolecular organic compound is available to suppress the 
viscosity of the final polymeric solution. Otherwise, it is generally only necessary to have molar ratios in a catalytic 
range, such as from about 1 :10 to about 1 :1 ,000. 

Polymerization Step 

40 

The second step of the present invention is polymerizing in an aqueous system, from about 0.1% to about 100%, 
by weight of the monomer component, based on the total weight of the polymer, of the complexed monomer having 
low water solubility with from about 0% to about 99.9% by weight, based on the total weight of the polymer, of at least 
one monomer having high water solubility or other monomer having low water solubility. 

45 Suitable optional monomers having high water solubility useful in the method of the present invention include, but 

are not limited to, a,b-monoethylenically unsaturated monomers containing acid-functionality such as monomers con- 
taining at least one carboxylic acid group including acrylic acid and methacrylic acid, acryloxypropionic acid, (meth) 
acryloxyprop ionic acid, itaconic acid, maleic acid or anhydride, fumaric acid, crotonic acid, monoalkyl maleates, 
monoalkyl fumarates, monoalkyl itaconates and the like; acid substituted (meth)acrylates and sulfoethyl methacrylate; 

so acid substituted (meth)acrylamides such as 2-acrylamido-2-methylpropylsulfonic acid; basic substituted (meth)acr- 
ylates and (meth)acry lam ides, such as amine-substituted methacrylates including dimethylaminoethyl methacrylate, 
tertiary-butylaminoethyl methacrylate and dimethylaminopropyl methacrylamide and the like; aery Ion itrile; (meth)acr- 
ylamide and substituted (meth)acrylamide, such as diacetone acrylamide; (meth)acrolein; methyl acrylate and the like. 
The reaction mixture minimally contains: 

55 

(a) at least one macromolecular compound having a hydrophobic cavity; 

(b) at least one monomer having low water solubility; and 

(c) water. 
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The polymers of the invention may be prepared by conventional free radical aqueous solution or emulsion polym- 
erization techniques well known in the art. The polymerization may be carried out as a batch, semicontinuous or con- 
tinuous reaction. The polymerization may also be carried out as a part of a sequential polymerization. While the present 
invention provides a method for preparing polymers without the use of organic solvents, these solvents may actually 
5 be present during the polymerization. It is, however, preferable that no solvent be present during the polymerization. 

A free radical initiator is utilized in the aqueous solution and emulsion polymerizations. Suitable free radical initiators 
include hydrogen peroxide; tert-butyl hydroperoxide; sodium, potassium, lithium and ammonium persulfate. A reducing 
agent, such as a bisulfite, including an alkali metal metabisulfite, hydrosulfite, and hyposulfite; and sodium formalde- 
hyde sulfoxylate or a reducing sugar such as ascorbic acid, may be used in combination with the initiator to form a 
10 redox system. The amount of initiator may be from 0.01% by weight to about 2% by weight of the monomer charged 
and in a redox system, a corresponding range of 0.01% by weight to about 2% by weight of reducing agent may be 
used. Transition metal catalysts, such as iron salts, may be used. 

The polymerization temperature may be in the range of about 1 0°C to 120°C in the aqueous emulsion and solution 
polymerizations. In the case of the persulfate systems, the temperature is preferably in the range of 60°C to 90°C. In 
is the redox system, the temperature is preferably in the range of 20°C to 70° C. 

For emulsion polymers, the emulsifiers or dispersing agents employed for preparing the monomer emulsions or 
polymer emulsions may be anionic, cationic or non-ionic types. Also a mixture of any two types may be used. Suitable 
nonionic emulsifiers include, but are not limited to, ethoxylated octylphenols, ethoxyiated nonylphenols, ethoxylated 
fatty alcohols and the like. Suitable anionic emulsifiers include, but are not limited to, sodium lauryl sulfate, sodium 
20 dodecylbenzene sulfonate, sulfated and ethoxylated derivatives of nonylphenols, octylphenols and fatty alcohols, es- 
terified sulfosucci nates and the like. Suitable cationic emulsifiers include, but are not limited to, laurylpyridinium chlo- 
rides, cetyldimethyl amine acetate, (C 8 -C 18 ) alkyldimethylbenzylammonium chlorides and the like. The level of emul- 
sifier may be from about 0.1% to about 10% by weight, based on total monomer charged. 

25 Decomplexation Step 

An optional third step of the method of the present invention for polymers formed by solution polymerization is 
decomplexing the macromolecular organic compound having a hydrophobic cavity from the polymer by adding a de- 
complexing agent, i.e., a material which has an affinity for the macromolecular organic compound having a hydrophobic 

30 cavity. For solution polymers, the macromolecular organic compound having a hydrophobic cavity may be decomplexed 
from the polymer after the polymer is formed. For emulsion polymers, the macromolecular organic compound having 
a hydrophobic cavity may be automatically decomplexed from the polymer before the polymer is formed and further 
decomplexing is generally not necessary. 

Suitable decomplexing agents, include but are not limited to, conventional surface active agents including, noni- 

35 onic, anionic and cationic surfactants; and organic solvents, such as for example, ethanol and TEXANOL® solvent. 
Organic solvents are not preferred. I have found that it is preferable to utilize about 1-10 moles of the decomplexing 
agent per mole of macromolecular organic compound having a hydrophobic cavity added to the polymer to achieve 
complete decomplexation. 

Both the complexation and decomplexation steps are easily achieved by the addition of the reactants with mixing. 

40 No special purification or separation steps are required at room temperature. It may not be necessary to add additional 
surfactant to cause decomplexation process to occur if the formulation into which the polymers made by the method 
of the present invention contain any of the decomplexing agents at a level effective to decomplex the macromolecular 
organic compound having a hydrophobic cavity. 

Solution copolymers produced by the method of this invention which act as associative thickeners may beneficially 

45 used as described in U.S. Patent 5, 1 37,571 . This patent discloses a method of suppressing the viscosity of associative 
thickeners using cyclodextrins and cyclodextrin derivatives. After the solution copolymers of the present invention are 
formed, but before they are decomplexed from the cyclodextrin or cyclodextrin derivative, the solution copolymers may 
be added directly into a coating composition and decomplexed therein. 

50 Chain Transfer Agents 

In an alternate embodiment, I have discovered that the method of present invention is also useful for improving 
the efficiency of chain transfer agents having low water solubility used in aqueous solution and emulsion polymeriza- 
tions. The method of the present invention reduces the level of chain transfer agent having low water solubility neces- 
55 sary to reduce the molecular weight of the final polymer in an emulsion polymerization reaction. The method involves 
the steps of: 

(1 ) complexing a chain transfer agent having low water solubility with macromolecular organic compound having 
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a hydrophobic cavity; and 

(2) adding the complex to an emulsion polymerization reaction. These two steps may be performed in situ and 
need not be carried out in a separate container. 

s Typical chain transfer agents having low water solubility include hydrophobic mercaptans, such as n-dodecyl mer- 

captan, thiophenol; hydrophobic polymercaptans; hydrophobic halogen compounds, such as bromotrichloromethane; 
and the like. 

The molar ratio of macromolecular organic compound having a hydrophobic cavity complexed with the chain trans- 
fer agent having low water solubility depends on the type of macromolecular organic compound having a hydrophobic 
10 cavity and the type of chain transfer agent having low water solubility. Generally, the molar ratio of macromolecular 
organic compound having a hydrophobic cavity to chain transfer agent having low water solubility is from about 1 :1 to 
about 1:5000, preferably from about 1 :2 to about 1:1 ,000. 

Incorporation of Monomers having Low Water Solubility 

15 

The method of the present invention may be used to form copolymers of monomers having low water solubility, 
particularly random copolymers, which heretofore could not be made without the addition of a solvent or surfactant to 
aid in solubilizing the hydrophobic monomer. "Random copolymer," as used herein, refers to a polymer formed from 
at least two different monomers wherein the monomer units are arranged randomly not forming repeating blocks of 
20 monomer units. For an emulsion polymer, this lack of randomness and incorporation may be judged by: 

(1 ) poor conversion of the monomer having low water solubility evidenced by monomer pooling around the stirrer 
shaft and the presence of monomer droplets in the final product; 

(2) high gel or coagulum levels; 

25 (3) the formation of large suspension polymer particles during an emulsion polymerization; 

(4) phase separation or creaming of monomer droplets or large suspension particles; and 

(5) abnormal (non-kinetic) distribution of the monomers having high water solubility and the monomers having low 
water solubility because of the nonuniform distribution during polymerization of the two types of monomers evi- 
denced by multiple glass transition temperatures as measured by differential scanning calorimetry. 

30 

For a solution polymer, this lack randomness and incorporation may be judged by how efficiently the solution 
polymer is able to thicken and may be determined by comparing the complexed and decomplexed solubilized solution 
viscosities of the polymer. If the two solution viscosities are approximately the same, then the monomer having low 
water solubility has not been incorporated into the polymer with the monomer having high water solubility. If the de- 
35 complexed solubilized solution viscosity is greater than the complexed solubilized solution viscosity, then the monomer 
having low water solubility has been incorporated into the polymer and is available to interact and thicken once the 
macromolecular organic compound having a hydrophobic cavity has been decomplexed from it. 

The copolymers formed by the method of the invention have a random arrangement of: 

40 (a) about 1 .0% to about 99.0% by weight, based on the total weight of the copolymer, of a monomer having low 

water solubility; and 

(b) about 1.0% to about 99.0% by weight, based on the total weight of the copolymer, of at least one monomer 
having high water solubility 

45 

wherein the random copolymers may be formed by either aqueous solution or emulsion polymerization in water without 
organic solvent or a high level of surfactant. 

The novel copolymers of the invention are useful in any method where hydrophobicity is desired, such as methods 
of improving water resistance and adhesion to hydrophobic substrates, in such applications areas as architectural and 
so industrial coatings including paints, wood coatings, inks; paper coatings; textile and nonwoven binders and finishes; 
adhesives; mastics; floor polishes; leather coatings; plastics; plastic additives; petroleum additives and the like. The 
novel copolymers of the invention are also for forming polymers requiring both monomers having low water solubility 
and monomers having high water solubility, such as thickeners, rheology modifiers, dispersants; formulation chemicals; 
and the like. 

55 The following examples illustrate specific aspects and particular embodiments of the invention which, however, 

are not to be construed as limited thereby. 
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Notes: 



The following abbreviations are used in the examples: 
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LA 
LMA 
BA 
EA 

2-EHA 

MMA 

MAA 

AA 

AM 

VA 

C 18 H 37 - 

C 12 H 25" 

HEA 

HEMA 

NVP 

Tg(_C) 

9 



(EO) 20 MA 
(EO) 23 MA 



lauryl acrylate 
lauryl methacrylate 
butyl acrylate 
ethyl acrylate 
2-ethylhexyl acrylate 
methyl methacrylate 
meth acrylic acid 
acrylic acid 
acrylamide 
vinyl acetate 

C 18 H 37 -(ethylene oxide) 20 methacrylate 
C 12 H 25 -(ethylene oxide) 23 methacrylate 
hydroxyethyl acrylate 
hydroxy ethyl methacrylate 
n-vinyl pyrrolidone 

glass transition temperature in degrees Celsius 

grams 

microns 
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EXAMPLE 1: Solution Polymerization - Cyclodextrin in Monomer Mix 

The solution polymerizations in this example were carried out in a 4-liter round bottom flask with four necks 
equipped with a mechanical stirrer, temperature control device, condenser, monomer and initiator feed lines and a 
nitroget inlet. Deionized water was introduced into the reaction flask at room temperature in accordance to Table 1.1 
(H 2 0#1 ) in grams. The contents were heated to 55°C while stirring under nitrogen purge. A monomer mixture, deionized 
water (H 2 0 #2) and methyl-b -cyclodextrin were added to form the reaction mixture in accordance to Table 1 . 1 in grams. 

Table 1.1 




55 
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NOTE*: Analog of CisH37-(EO)2oMA prepared from CisH37-(EO)2oH and 3 



isopropenyl-a,a-dimethylbenzyl isocyanate 

30 

A first initiator combination consisting of 6.7 grams of a ferric sulfate solution (0.15%) and 0.2 grams of sodium 
hydrosulfite dissolved in 10 grams of deionized water was added to the reaction flask. A redox initiator combination 
consisting of 0.2% of ammonium persulfate and 0.2% of sodium bisulfite, both based on the total weight of the mon- 
omers, dissolved in 55 grams of deionized water were prepared. The reaction mixture and the redox initiator combi- 
35 nations were fed separately into the reaction flask over a two hour period. The final polymer product was collected as 
a viscous solution. The following table summarizes the final polymer compositions (shown as weight % based on weight 
of total polymer): 

Table 1.2 
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EXAMPLE 2: Solution Polymerization - Cyclodextrin added to kettle 

The solution polymerizations in this example were carried out in a 4-liter round bottom flask with four necks 
equipped with a mechanical stirrer, temperature control device, condenser, monomer and initiator feed lines and a 
nitroget inlet. Deionized water (H 2 0 #1) and methyl-b-cyclodextrin were introduced into the reaction flask at room 
temperature in accordance with Table 2. in grams. The contents were heated to 60°C while stirring under nitrogen 
purge. A monomer mixture and deionized water (H 2 0 #2) were prepared to form the reaction mixture in accordance 
with Table 2. in grams. 



Table 2.1 
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NOTE*: 
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40 
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337 


519 
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A first initiator combination consisting of 6.7 grams of a ferric sulfate solution (0.15%) and 0.2 grams of sodium 
hydrosulfite dissolved in 10 grams of deionized water was added to the reaction flask. A redox initiator combination 
consisting of 0.2% of ammonium persulfate and 0.2% of sodium bisulfite, both based on the total weight of the mon- 
omers, dissolved in 135 grams of deionized water were prepared. The reaction mixture and the redox initiator combi- 
nations were fed separately into the reaction flask over a two hour period. The final polymer product was collected as 
a viscous solution. 

The following table summarizes the final polymer compositions (shown as weight % based on weight of total pol- 
ymer): 

Table 2.2 




EXAMPLE 3: Characterization of Solution Polymers 



40 



To determine whether, and to what extent, the monomers having low water solubility of Examples 1 and 2 were 
actually incorporated into the final polymer, the solubilized solution viscosity of the final polymer complexed (CSSV) 
and decomplexed with dodecyl benzene sulfonate or sodium lauryl sulfate surfactant (DSSV) were measured by titrating 
with the decomplexing agent until a constant viscosity was reached. The results are shown in Table 3.1 . 
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Table 3.1 
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— <ioo 



<100 



<100 



<100 



32,872 



59,987 



236 
14,396 




Actual incorporation of the surfactant monomer into the polymer was indicated by an increase in the viscosity when 
the decomplexing agent (surfactant) was added. Sufficient surfactant determined by titration was added to fully de- 
complex the polymer, when the methyl-b-cyclodextrin was decomplexed from the polymer, the hydrophobic monomer 
portions of the polymer were released and thickened the solution to which the polymer had been added. For the controls 
containing no surfactant monomer, no change was seen because there were no hydrophobic moieties incorporated 
into the polymer. For the comparative, little change was seen because little, if any, of the surfactant monomer was 
incorporated into the polymer. 

The effect of increasing levels of hydrophobicity was indicated by increased thickening efficiency (Solution Poly- 
mers 1-S and 2-S and Solution Polymers 4-S, 5-S and 6-S). 

The effect of the size of the hydrophobic moiety was indicated by increased thickening efficiency for larger hydro- 
phobic moieties (comparing Solution Polymers 3-S ~ larger hydrophobe and 7-S -- smaller hydrophobe) 

EXAMPLE 4: Emulsion Polymerization -- Cyclodextrin added In kettle 

The emulsion polymerizations in this example were carried out in a 4-liter round bottom flask with four necks 
equipped with a mechanical stirrer, temperature control device, condenser, monomer and initiator feed lines and a 
nitroget inlet. 



Deionized water (H 2 0 #1) and Triton® XN-45S anionic surfactant (Triton #1) were introduced into the reaction 
flask at room temperature in accordance with Table 4.1 in grams. The contents were heated to 85°C while stirring 
under nitrogen purge. A monomer emulsion of deionized water (H 2 0 #2), Triton® XN-45S anionic surfactant (Triton 
#2) and monomers was prepared in accordance with Table 4. in grams. 

At 85°C, 3% by weight of the total monomer emulsion was introduced into the reaction kettle followed by 0.35% 
by weight of sodium carbonate (based on the total monomer weight) in 25 grams of deionized water and 0.35% by 
weight of sodium persulfate (based on the total monomer weight) in 30 grams of deionized water. After the exotherm 
subsided, methyl-b-cyclodextrin and Triton XN-45S (Triton #3) anionic surfactant were added in accordance with Table 
4.1 in grams. The remainder of the monomer emulsion was fed over a period of three hours together with an initiator 
solution of 0.05% (based on total monomer weight) of sodium persulfate in 210 grams of deionized water. 



Deionized water (H 2 0 #1 ), Triton® XN-45S anionic surfactant (Triton #1 ), methyl b-cyc!odextrin and 2.0 grams of 
glacial acetic acid were introduced into the reaction flask at room temperature in accordance with Table 4. in grams. 
The contents were heated to 75°C while stirring under nitrogen purge. A monomer emulsion of deionized water (H 2 0 
#2), Triton® XN-45S anionic surfactant (Triton #2) and monomers was prepared in accordance with Table 4. 1 in grams. 
Initiator solutions of 1.7 grams of t-butyl hydroperoxide, 1 .8 grams of ammonium persulfate in 105 grams of deionized 
water and 2.7 grams of sodium bisulfite in 105 grams of deionized water were prepared. 

At 75°C, 0.2 grams of sodium bisulfite in 10 grams of deionized water, 0.44 grams of amonium persulfate in 10 
grams of deionized water and 15 grams of ferrous sulphate solution (0.15% by weight) were added to the reaction 
flask. The monomer emulsion and initiator solutions were fed over a period of three hours maintaining the temperature 
at 75°C. 

Table 4.2 summarizes the final polymer compositions (shown as weight % based on weight of total polymer). 



Method A 
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Method B 
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Note**: Prepared by Method B; others made by Method A 
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EXAMPLE 5: Characterization of Emulsion Polymers 

55 Several techniques were used to determine whether the monomers having very low water solubility of Example 4 

were actually incorporated randomly into the final polymer. First, lack of pooling of monomer having very low water 
solubility around the stirring vortex was evidence of good conversion of the monomer having very low water solubility 
into the final polymer. Second, lack of large 1-10 microns particles and monomer droplets, collected (as is or by cen- 
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trifugation or from creamy layer) and characterized by optical microscopy was evidence of good incorporation of the 
monomer having very low water solubility into the final polymer. Third, lack of formation of gel (collected through a 100 
mesh screen) was evidence that the polymerization generally ran well. Finally, a single glass transition temperature at 
approximately the calculated copolymer values using literature data, as measured by differential scanning calorimetry 
5 at a heating rate of 20 o C/minute, was evidence of good incorporation of the monomer having very low water solubility 
to form a random copolymer. The results are shown in Table 5.1 . 
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Table 5.1 
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EXAMPLE 6: Chain Transfer Agent 

The emulsion polymerizations in this example were carried out in a 5-liter round bottom flask with four necks 
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equipped with a mechanical stirrer, temperature control device, condenser, monomer and initiator teed lines and a 
nitroget inlet. One thousand two hundred grams of deionized water, 0.53 grams of sodium carbonate, 1.13 grams of 
Solusol sulfonated ester surfactant (75% solution in water) and methyl b-cyclodextrin (50.8% solution in water) at a 
level according to Table 6. were introduced into the reaction flask at room temperature. 

Table 6.1 
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15 
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The contents were heated to 80*0 while stirring under nitrogen purge. An initiator solution of one gram of sodium 
persulfate and 174 grams of deionized water were prepared and 35 grams of the initiator solution was charged to the 
kettle. An emulsified monomer mix of 252 grams of deionized water, 21 .53 grams of So I usol_ sulfonated ester surfactant 
(75% solution in water), 250 grams of n-vinyl pyrrolidone, 740 grams of ethyl acrylate and 20 grams of n-dodecylmer- 
captan was prepared. A methacrylic acid solution of 10 grams of methacrylic acid in 1 35 grams of deionized water was 
prepared. 

At 80°C, the emulsified monomer mix, methacrylic acid solution and the remainder of the initiator solution were 
fed to the reaction flask over a period of four hours. After the emulsified monomer mix, methacrylic acid solution and 
the remainder of the initiator solution had been fed to the reaction flask, the dispersion was held at 80° C for 30 minutes 
and then cooled to room temperature. The composition of the final polymer was 25 N VP/74 EA/1 MAA. 

The molecular weight of each emulsion polymer was measured by gel permeation chromatography. Table 6.2 
summarizes the molecular weight data. 



Table 6.2 







pp i m 




3C-E (Comp.) 


0 


62,300 


14,600 


27-E 


0.52 


51,500 ! 


13,300 


28-E 


1.04 


4S,900 


11,800 


29-E 


2.08 


39,800 


10,100 


30-E 


4.17 


37,000 


9,860 


31-E 


8.33 


36,000 


8,280 



The data indicated that complexing methyl b-cyclodextrin with the n-dodecylmercaptan (hydrophobic chain transfer 
agent) improved the efficiency of the n-dodecylmercaptan in reducing the weight-average and number-average mo- 
so lecular weight of the emulsion polymers into which the hydrophobic chain transfer agent was incorporated. Increasing 
levels of methyl b-cyclodextrin (hydrophobic chain transfer agent) further improved the efficiency of the n-dodecylm- 
ercaptan. 

EXAMPLE 7: Applications Testing 

55 

Latex films were prepared from Emulsion Polymers 19-E, 24-E, 25-E and 26-E by drying 10 grams of each in 
separate 4-inch diameter petri dishes. Small pieces were cut from the films, weighed and then soaked in deionized 
water. The pieces were extracted periodically, surface water patted dry and weighed to determine the amount of water 
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absorbed. The results are reported in Table 7.1 as weight percent water absorbed based on total weight of the film. 
Tabic 7.1 




The data indicated that emulsion polymers formed from more hydrophobic monomers (Emulsion Polymers 19-E 
and 24-E from LMA compared to Emulsion Polymer 25-E from 2-EHA and Emulsion Polymer 26-E from BA) absorb 
less water under identical conditions. 
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Claims 

1. A method for forming in an aqueous system a polymer containing, as polymerized units, at least one monomer 
having low water solubility, comprising the steps of: 

(a) complexing at least one monomer having low water solubility with a macromolecular organic compound 
having a hydrophobic cavity; and 

(b) polymerizing in an aqueous system from about 0.1 % to about 100% by weight of said monomer, based on 
the total weight of the polymer, of said complexed monomer having low water solubility with from about 0% to 
about 99.9% by weight, based on the total weight of the polymer, of at least one monomer having high water 
solubility. 

2. A method for forming in an aqueous system a polymer having low water solubility containing, as polymerized units, 
monomer having high water solubility, comprising the steps of: 

(a) forming a reaction mixture comprising: 

(i) a monomer having high water solubility; and 

(ii) a macromolecular organic compound having a hydrophobic cavity; and 

(iii) water. 

(b) polymerizing said reaction mixture. 

3. The method of claims 1 or 2 wherein said macromolecular organic compound having a hydrophobic cavity is an 
organic compound selected from the group consisting of cyclodextrin, cyclodextrin derivative, cycloinulohexose, 
cycloinuloheptose, cycloinuloctose, calyxarene and cavitand. 

4. The method of claim 3 wherein said macromolecular organic compound having a hydrophobic cavity is a cyclo- 
dextrin selected from the group consisting of a-cyclodextrin, b-cyclodextrin and g -cyclodextrin. 

5. The method of claim 4 wherein said macromolecular organic compound having a hydrophobic cavity is a cyclo- 
dextrin derivative selected from the group consisting of the methyl, triacetyl, hydroxypropyl and hydroxyethyl deriv- 
atives of a-cyclodextrin, b-cyclodextrin and g-cyclodextrin. 

6. The method of claim 5 wherein said said macromolecular organic compound having a hydrophobic cavity is methyl- 
b-cyclodextrin. 

7. The method of claims 1 or 2 wherein said polymer is formed by emulsion polymerization. 
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8. The method of claims I or 2 wherein said polymer is formed by solution polymerization. 

9. The method of claim 8 further comprising the step of decomplexing said macromolecular organic compound having 
a hydrophobic cavity from said polymer. 

5 

10. A method for improving the efficiency of a chain transfer agent having low water solubility, comprising the steps of: 

(a) complexing a chain transfer agent having low water solubility with a macromolecular organic compound 
having a hydrophobic cavity; and 

10 (b) adding said complex to a polymerization reaction selected from the group consisting of aqueous solution 

polymerization and emulsion polymerization. 

11. A copolymer, containing as polymerized units, comprising: 

is (a) about 1 .0% to about 99.0% by weight, based on the total weight of the copolymer, of a monomer having 

low water solubility; and 

(b) about 1 .0% to about 99.0% by weight, based on the total weight of the copolymer, of at least one monomer 
having high water solubility, 

20 wherein said copolymer was formed in water by emulsion polymerization and wherein said copolymer exhibits a 

single glass transition temperature as measured by differential scanning calorimetry at a rate of 20°C/minute. 

12. A reaction mixture, comprising: 

25 (a) at least one macromolecular compound having a hydrophobic cavity; 

(b) at least one monomer having low water solubility; and 

(c) water. 
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13. A complex, comprising: 

(a) at least one macromolecular compound having a hydrophobic cavity; and 

(b) at least one monomer having low water solubility 
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